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SPECIFICATION 



[TITLE OF THE INVENTION] 
Telephoto Object Lens 

[ABSTRACT] 

[Object] To provide a telephoto object lens in that a demand 
for a large aperture, and a wide angle of view is satisfied and 
chromatic aberration is also sufficiently corrected. 

[Composition] A telephoto object lens in which, in order from 
the object side, first and second lens groups both having 
positive power are arranged, wherein the first lens group is 
composed of one positive lens and one negative lens, the second 



lens group is composed of a. positive meniscus lens whose convex 

surfaces are oriented to the object side and a negative meniscus 

lens whose convex surfaces are oriented to the object side, Jj 

and various conditions based on refractive indexes, Abbe's 

numbers, and partial dispersion ratios of the positive lens ,.; 

and negative lens of the first lens group are satisfied. 

[WHAT IS CLAIMED IS;] 

[Claim 1] A telephoto object lens in which, in-order from 
the object side, first and second lens groups both having 
positive power are arranged, wherein 

the first lens group is composed of one positive lens and 
one negative lens , the second lens group is composed of a positive 
meniscus lens whose convex surfaces are oriented to the object 
side and a negative meniscus lens whose convex surfaces are 
oriented to the object side, and the following respective 
conditions are satisfied: 

(1) 1.53<np 

(2) -0.2<np-nn<0 

(3) 20.0<.p-.n<40.0 

(4) -O.K.p-.n<0 

(5) 0.54<. . and 65.0<.p 
Herein, 

np, nn: Refractive indexes of the positive lens. and negative 



* 



• 



lens o£ the first lens group, respectively 

vp, vn: Abbe's numbers o£ the positive lens and negative lens 

of the first lens group, respectively 

6p, en: Partial dispersion ratios of the positive lens and 
negative lens of the first lens group, which are expressed by 
(ng-nF)/(nF-nC), respectively 

nX= Refractive indexes at .respective spectrum lines of 
F C 

' [Claim 2, A telephoto object lens as set forth in Claim 1, 
wherein 

the following conditions are satisfied: 

(6) 1.3<fl/f<1.9 

(7) 0.4<fp/f<0.65 

(8) 0.5<|r2| /f<0,7 

(9) 0.3<d4/f<0.45 

(10) 10.0<.2p-.2n<50.0 
. Herein, 

f: Focal distance of the entire system 
fl: Focal distance of the first lens group 

fp: Focal distance of the positive lens of the first lens group 
r2: Radius of curvature of the 2- surface from the object side 
d4 : Distance between the 4 th and 5 th surfaces from the object 
side 



v2p = Abbe's number of the positive lens of the second lens group 
v2 n: Abbe's number of the negative lens of the second lens group 
[ DETAILED DESCRIPTION OF THE INVENTION ] 
[0001] 

(Field of the invention, The present invention relates to 
. large-aperture telephoto object lens which has a simple 
^figuration and an aperture ratio of around 1 = 4, vhich is 
used for an astronomical telescope, etc., for example. 

[0002] 

t p rio r Arts, Priorly, as an optical system to he used for 

an astronomical telescope, a reflective telephoto lens using 

a schmidt optical system, a super-telephoto lens for general 

photography, a short-focal-length object lens for an 

telescope or the like has existed, 
astronomical telescope 

[0003] 

elective telephoto lenses such as Schmidt optical systems 
canbeformedwitharelatively large aperture , however, problems 
exist such that since the aspherization process of a Schmrdt 
pl ate to be placed in front of a reflecting mirror is difficult, 
m ass-production is difficult and cost is high, and in addition 
.hereto, adjustment of the optical system is diffrcult, 
th erefore, a high-guality image cannot be easily obtained. 
[0004, in addition, sophisticated telephoto lenses for 



general photography employing special low-dispersion glass are 
composed of a great number of component lenses, and an internal 
focusing mechanism and a diaphragm mechanism exist in the lens, 
therefore, the cost is very expensive. 
[0005] 

Accordingly, short-focal-length astronomical telescope 
object lenses are generally used as astronomical photographic 
lenses . 

[0006] 

[Problems to be Solved by the Invention] However, in terms 
of object lenses for astronomical telescopes, since chromatic 
aberration, spherical aberration, and coma aberration are 
required to be sufficiently lowered, it has been priorly 
difficult to obtain a large diameter. For example, a lens 
disclosed in Japanese Unexamined Patent Publication No. 
Sho-59-220711 has an aperture ratio of around 1 : 7 and is slightly 
dark for, use in astronomical photography. 

[0007] In addition, since an object lens of this type has 
a small aperture, a tracking equatorial telescope is required. 
Therefore, lenses having a larger aperture and a wider angle 
of view have been demanded. 

[0008] A lens described in Japanese Unexamined Patent 
Publication No. Sho-62-96919 nearly satisfies the above demand 



and correction of the longitudinal chromatic aberration is 
satisfactory, however, correction of the chromatic aberration 
of spherical aberration is insufficient. Thereby, a flare 
remains on a spot image of a white light . 
[0009] 

[Object of the invention] The present invention is made in 
view of the above problems and ai*s to provide a telephoto lens 
in which a demand for a large aperture and a wide angle of view 
is satisfied and chromatic aberration of spherical aberration 
can also be sufficiently corrected. 

[0010] 

[Means for Solving Problems] A telephoto object lens 
according to the present invention is constructed such that, 
in order from the object side, first and second lens groups 
both having positive power are arranged, wherein 

the first lens group is composed of one positive lens and 
one negative lens , the second lens group is composed of a positive 
meniscus lens whose convex surfaces are oriented to the object 
side and a negative meniscus lens whose convex surfaces are 
oriented to the object side, and the following respective 
conditions are satisfied: 
[0011] 

(1) - 1.53<np 



(2) . -0.2<np-nn<0 

(3) 20 .0<.p-.n<40.0 

(4) -O.K.p-.n<0 

(5) 0.54<.p and 65.0<.p 
Herein, 

np, nn: Refractive indexes of the positive lens and negative 
lens of the first lens group, respectively 

vp, vn: Abbe's numbers of the positive lens and negative lens 
of the first lens group, respectively 

9p, 6n: Partial dispersion ratios of the positive lens and 
negative lens of the first lens group, which are expressed by 
(ng-nF)/(nF-nC) , respectively 

nX: Refractive indexes at respective spectrum lines of X=g, 

F, C 

[0012] 

- [Embodiments] Hereinafter, the present invention will be 
described based on the drawings. 

[0013] A lens according to an embodiment is composed of, 
in order from the object side, a first lens group composed of 
one positive lens and one negative lens and a second lens group 
composed of a positive meniscus lens whose convex surfaces are 
oriented to the object side and a negative meniscus lens whose 
convex surfaces are oriented to the object side. 




[0014] The lens according to an embodiment satisfies the 
respective conditional expressions described in Claim 1, and 
herein, a description will be given of these respective 
conditional expressions. 

[ 0015] Conditional expression (1) defines a refractive index 
of the positive lens of the first lens group, Conditional 
expression (2) defines a difference in refractive indexes 
between the first lens group and negative lens of the first 
lens group, and both are conditions for suppressing chromatic 
aberration of spherical aberration. If the refractive index 
is less than the lower limit of conditional expression (1), 
glass material of the second lens group which satisfactorily 
meets the first lens group is limited and Abbe's number, etc., 
are restricted, .whereby chromatic aberration of spherical 
aberration cannot be declined. In addition, if the difference 
in refractive indexes between the positive lens of the first 
lens group and negative lens of the first lens group deviates 
from the range of conditional expression (2),- chromatic 
aberration of spherical aberration becomes great. 

[0016] Conditional expression (3) defines a difference in 
Abbe's number between the positive lens and negative lens of 
the first lens group, and is a condition for appropriating power 
distribution . If the range of this condition is satisfied , power 



of the two lenses of the first lens group can be maintained 
appropriate and chromatic aberration and spherical aberration 
can be corrected in a balanced manner. 

[0017] conditional expression (4) defines a difference in 
the partial distribution ratio between the positive lens and 
negative lens of the first lens group, and is a condition for 
suppressing a high-order chromatic aberration (secondary 
spectrum), which is a residual after a chromatic aberration 
is corrected, so as to become small- If the difference deviates 
from the range of this condition, the secondary spectrum of 
chromatic aberration becomes excessively great. 

[0018] Conditional expressions (5) simultaneously define 
a partial dispersion ratio and Abbe's number of the positive 
lens of the first lens group, and are conditions for carrying 
out a secondary spectrum correction and also obtaining proper 
lens power. If the partial dispersion ratio and Abbe's number 
deviate from the ranges of these conditional expressions, it 
becomes difficult to cope with both a reduction in the secondary 
spectrum and a spherical aberration correction and a chromatic 
aberration correction of the spherical aberration. 

[0019] Ih addition, the lens according to an embodiment 
further satisfies the respective conditional expressions 
described in Claim 2, and now a description will be given of 



these respective conditional expressions. 

[0020] Conditional expression (6) defines a focal distance 
of the first lens group in relation to a focal distance of the 
entire system, and is a condition for obtaining a satisfactory 
aberration correction under a preferable length of the entire 
system. If the focal distance is more than the upper limit of 
this condition , an optical system in which aberration correction 
is easy can be obtained, however, the telephoto ratio becomes 
great, whereby the entire length thereof becomes great. In 
contrast thereto, if the focal distance is less than the lower 
limit of this condition, power of the first lens group becomes 
excessively great and the radius of curvature of each lens 
surface becomes small, thus it becomes difficult to suppress 
occurrence of various aberrations including spherical 
aberration. 

[0021] Conditional expression (7) is a condition ■ for 
correcting chromatic aberration and spherical aberration in 
a balanced manner. If the value is more than the upper limit 
of this condition, correction of chromatic aberration becomes 
difficult, and in contrast thereto, if the value is less than 
the lower limit of this condition, in addition to the difficulty 
in correcting the chromatic aberration, correction of the 
spherical aberration also becomes difficult. 



[0022] Conditional expression (.8) defines a radius of 
curvature of the second lens surface from the object side, and 
is a condition for correcting spherical aberration and coma 
aberration in a balanced manner. If the radius of curvature 
is more than the upper limit of this condition, it becomes 
difficult to correct spherical aberration, coma aberration, 
and astigmatism in a balanced manner. In contrast thereto, if 
the radius of curvature is less than the lower, limit of this 
condition , it becomes necessary to reduce the radius of curvature 

of the third lens surface from the object side so as to correct 
spherical aberration and coma aberration, thus a high-order 
spherical aberration easily occurs. 

[0023] Conditional expression (9) defines an air gap between 
the first lens group and second lens group, and is a condition 
for carrying out a correction of curvature of field. If the 
air gap is more than the upper limit of this condition , it becomes 
difficult to secure a sufficient back focus to attach a camera, 
etc. in contrast thereto, if the air gap is less than the lower 
limit of this condition, both lens groups excessively 
approximate each other and it becomes difficult to 
satisfactorily correct a curvature of field which is generated 
by the first lens group basically of a tablet composition. In 
addition, the lens diameter of the second lens group becomes 



great, thereby causing an increase in cost. 

[0 02«] conditional expression ,10, defines a difference in 
number between the positive lens and negative lens of 
th e second lens group, and is a condition for levering chromatic 
aberration in the second lens group. By maintaining the range 
o£ this condition, it becomes possible to correct spherrcal 
aberration and a curvature of field without increasing the 
ohromatic aberration that has been corrected by the first lens 



group 



,0025, IF.irst embodiment, Fig. 1 shows a first embodiment 
of the present- invention. 

[0026] x aetailed composition of numeric values is shown 
in Table 1, and various aberrations based on this composition 
are shown in Fig- 2. 
[0027] 

Herein, in symbols in the tables of all embodiments, FNo • 
represents an F-number, f represents a focal distance, . 
presents a half angle of view, fb represents a bacK focus, 
r represents a radius of curvature of a surface, d represents 
a le ns thickness or an air gap, n represents a refractive index 
at the d-line of a lens, and v represents abbe's number of a 



lens. 

[Table 1] 



FNo. =1:4.0 f=400.00mm 



.=6.2° 


fb=196. 68mm 


■ 






Surface No . 


. r 


d 


n 


• 


1 


256.628 


18.00 


1.56907 


71.3 


2 


-238.733 


6.12 






3 


-224.094 


7 .00 


1.65412 


39.7 


4 


1500.950 


145.00 






5 


91.703 


7.82 


1.65844 


50.9 


6 


189.166 


7.00 






' 7 


90.980 


22 .00 


1.69895 


30.1 


8 


56.151 









[0028] [Second embodiment] Fig. 3 shows a second embodiment 
of the present invention, wherein a numeric value composition 
is shown in Table 2, and various aberrations based on this 
composition are shown in Fig. 4. 

[0029] [Table 2] 
FNo. =1:4.0 f =400. 00mm 
.=6.2° fb=194.80mm 

Surface No. r A n 

! 240.735 15.59 1.56907 71.3 

2 -233.281 5.56 

3 -230.014 7.00 1.76200 40.1 



4 


12647.947 


145.00 






5 


80.477 


6.98 


1.65844 


50.9 


6 


141.343 


3.00 






7 


82.201 


20.04 


1.69895 


30.1 


8 


52.234 









[0030, [Third eabodi^ent] Fig. 5 shows a third e*bodi*ent 
of the present invention, wherein a numeric vaiue composition 
is shown in Table 3, and various aberrations based on thrs 
composition are shown in Fig. 6. 

[0031] [Table 3] 
FNo. =1:4.0 f =400. 00mm 
.=6.2° fb=190.58mm 



Surface No . 


r 


d 


n 


• 

71.3 


1 


209.766 


18 . 00 


1.56907 


2 


-252.628 


9 .84 






3 


-224.899 


7 .00 


1.65016 


39.4 


4 


801.926 


155.25 






5 


108.478 


7.82 


1.65844 


50.9 


6 


215.761 


15.0 






7 


89.170 


. 22.00 


1.69895 


30.1 


8 


58.970 









[0032] [Fourth embodiment] Fig. 7 shows a third embodiment 
of the present invention, wherein a numeric value composition 
is shown in Table 4, and various aberrations based on this 
composition are shown in Fig. 8. 

[0033] 

[Table 4] 



FNo. =1:4.0 


f =400. 00mm 








.=6.2° 


fb=192 . 14mm 








Surface No . 


r 


d 


n 


• 


1 


202.581 


20.00 


1.56907 


71.3 


2 


-268.477 ' 


9.88 






3 


-228 .914 


10.00 


1.59551 


39.2 


4 


547.347 


147.67 






5 


121.263 


9.00 


1.65844 


50.9 


6 


266.557 


16.00 






7 


94 .947 


22.00 


1.69895 


30.1 


8 


63.099 









[0034] [Numeric value data of conditional expressions of 
the respective embodiments ] Numeric value data of the respective 
conditional expressions of the first through fourth embodiments 
are shown in Table 5. 

[0035] 




[Table 5] 



Conditional expression 


Embodiment 
1 


Embodiment 
2 


Embodiment 

3. 


Embodiment 
4 




1 . 53<np 


1.57 


1.57 


1.57 


1.57 


(2) 


-0 • 2<np-nn<0 


-0.09 


-0.15 


-0.08 


-0.03 


(3) 


20.0<.p-.n<40.0 


31.6 


31.2 


31.9 


32.1 


(4) 


-O.K.p-.n<0 


-0.03, 


-0.03 


-0.03 


-0.03 


(5) 


0.54<.p 


0.545 


0.545 


0.545 


0.545 


(5) 


65.0<-p 


< 71.3 


71.3 


71.3 


71.3 


(6) 


1.3<fl/f<1.9 


1.828 


1.621 


1.672 


1 . 682 


(7) 


0.4<fp/f<0.65 


0.550 


0.528 


0.510 


0,515 


(8) 


0.5<|r2|/f<0.7 


0.60 


0.58 


0.63 


0.67 


(9) 


0.3<d4/f<0.45 


0.36 


0.36 


0.39 


0.-37 


(10) 


10.0<.2p-.2n<50.0 


20.8 


20.8 


20.8 


20.8 



[0036] 

" [Effects of the Invention] As has been described above , 
according to the present invention, a telephoto object lens 
can be obtained, which suppresses a curvature of field and 
astigmatism by correcting the aberrations by limiting the ob j ect 
distance to infinity and exhibits, with a relevantly wide angle 
of view whose half angle of view is 6°-7°, sufficient performance 
close to a photographic lens, even with a simple configuration 
composed of four lenses of two groups. 



[0037] in particular, a telephoto object lens having 
sufficient performance capable of suppressing occurrence of 
the secondary spectrum of chromatic aberration so as to become 
small . 

[BRIEF DESCRIPTION OF THE DRAWINGS ] 

[ Fig . 1 ] A lens sectional diagram showing the first embodiment 
of the present invention. 

[Fig. 2] A various aberrations diagram of the first 

embodiment . 

[Fig. 3] A lens sectional diagram showing the second 
embodiment of the present invention. 

[Fig. 4] A various aberrations diagram of the second 

embodiment . 

[ Fig . 5 ] A lens sectional diagram showing the third embodiment 
of the present invention. 

[Fig. 6] A various aberrations diagram of the third 

embodiment . 

[Fig. 7] A lens sectional diagram showing the fourth 
embodiment of the present invention. 

[Fig. 8] A various aberrations diagram of the fourth 

embodiment . 
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